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First (G1)- and second-generation (G2) poly(propyleneimine) (PPI) dendrimers were reacted with
2-(diphenylphosphino)benzaldehyde, to form iminophosphine-functionalised dendritic ligands (1, 2).
The reaction of the dimeric precursor [RhCl(CO)2]2 with the heterobidentate dendritic ligands 1, 2 gave
the corresponding rhodium(I) complexes (3, 4).
Dendrimers are highly branched, monodisperse, macromolecu-
lar constructs, that are often used as supports for homogeneous
catalysts. Various examples of dendritic scaffolds have been used
to immobilize homogeneous catalysts, including carbosilanes [1],
polyamidoamines [2], polypropyleneimines [3] and polyarylethers
[4], to name a few.
Dendritic ligands generally have an increased local concentra-
tion of similar functional groups at their periphery. These dendri-
mers may contain donor ligands capable of coordinating to
various transition metals, thereby catalyzing various organic trans-
formations with a range of metals, such as Kharasch-type addition
reactions [5] (Ni), ethylene oligomerisations/norbornene polymer-
izations [6] (Ni), hydroformylation [7] (Rh), carbon–carbon cross-
coupling reactions [8] (Pd), hydrogen transfer reductions [9] (Ru)
and epoxidation of cyclohexene [10] (Ti).
There has been recent interest in the chemistry of polydentate
ligands, especially those which combine ‘‘soft” and ‘‘hard” donor
atoms [11]. The most used hemilabile ligands are the P,N-donor
bidentate ligands, combining the distinct behaviour of a soft phos-
phorus atomwhich coordinates very strongly to a soft metal centre
(e.g. palladium) and a hard nitrogen donor which is weakly bound.
Non-rigid ligands, such as the widely studied iminophosphines, of-
ten act as chelating ligands that easily form ﬁve- or six-membered
chelate rings. Iminophosphines display versatile coordination
behaviour and are potentially hemilabile, making them useful for
a variety of homogeneous processes, such as, C–C coupling reac-
tions [12], oligomerisation and polymerization of ethylene [13],
aminations [14], transfer hydrogenations [15] and hydroboration
[16]. The steric and electronic properties of such ligands can also
be ﬁne-tuned and this can have a huge effect on the kinetics and
thermodynamics of a chemical reaction [17].
Examples of metallodendritic chelating heterobidentate com-
plexes are rare. For metallodendrimers containing P and N donor
atoms, many transition metals are coordinated in a P-monodentate
or N-monodentate fashion. In this communication, we report on
the synthesis of ﬁrst- and second-generation chelating, heterobid-
entate [P, N] iminophosphine dendritic ligands and their coordina-
tion chemistry with a Rh(I) precursor. The molecular structure of a
mononuclear analogue is also presented and discussed.
The synthesis of the ﬁrst- and second-generation iminophos-
phine-functionalised dendritic ligands 1 and 2 (Fig. 1) [19] was
achieved by a Schiff-base condensation reaction of the commer-
cially available DAB-dendr-(NH2)n with 2-diphenylphosphino-
benzaldehyde. Screttas et al. ﬁrst reported the synthesis of a
third generation iminophosphine dendritic ligand based on a
poly(propyleneimine) scaffold [18]. These dendritic P,N ligands
were used in situ in the presence of palladium acetate in the Heck
cross-coupling of p-anisyl bromide with styrene.
The dendritic ligands (1, 2) were isolated as pale yellow solids
in moderate yields (65–68%). These compounds were characterized
by elemental analysis (C, H, N), and by IR and 1H, 13C{1H} and
31P{1H} NMR spectroscopy. The 1H NMR spectra of 1 and 2 show
the aliphatic protons for the dendritic core occurring in the range
between 1 and 4 ppm, and the aromatic and imine resonances
occurring between 6 and 9 ppm. The CH2 protons adjacent to the
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imine moiety are observed as a triplet around 3.69 ppm, for 1 and
2. The appearance of a singlet at ca. 8.37 ppm, assigned to the
imine proton (–CH2N@CH–CH2–) establishes that the condensation
reaction has occurred. As was the case for Screttas and co-workers,
it is important to consider syn and anti isomerism about the imine
double bond [18]. One resonance is noted for the imine proton in
both ligands, assigned to the trans isomer for steric reasons. The
31P{1H} NMR spectra of 1 and 2 show a singlet at 13.35 and
13.43 ppm, respectively. Infrared spectroscopy conﬁrms the for-
mation of the imine functionality. In the IR spectrum of 1 and 2,
the absorption bands associated with the imine functionality
(m(C@N)) occur at 1637 cm1. This corroborates the evidence for
imine formation observed in the 1H NMR spectra. The composition
and purity of the dendritic ligands were further conﬁrmed by ele-
mental analysis and ESI-mass spectrometry.
Reaction of the iminophosphine dendrimers 1 and 2 with the
dimeric rhodium(I) precursor [RhCl(CO)2]2 (Scheme 1) gave the
tetranuclear (3) and octanuclear (4), six-membered chelate ring,
rhodium(I) metallodendrimers, respectively [20].
The metallodendrimers (3, 4) were isolated as orange powders
in moderate to good yields, stable at room temperature and soluble
in toluene, THF and chlorinated solvents but insoluble in hydrocar-
bons. Generally, the IR spectra for 3 and 4 show a wavelength shift
of the C@N absorption band towards lower wavenumbers, as com-
pared to the uncomplexed dendritic Schiff-base (ca. 1630 vs
1637 cm1), indicative of coordination of rhodium to the nitrogen
of the imine functionality. The stretching frequency for the termi-
nal carbonyl is observed at about 2000 cm1. The 1H NMR spec-
trum shows a singlet at 8.49 ppm for the methine proton of the
imino group, an upﬁeld shift from 8.85 ppm for the free, uncom-
plexed dendritic ligand, providing further evidence of nitrogen
coordination of the C@N group. The 31P{1H} NMR spectrum dis-
plays a doublet at 48.5 ppm with 1J(RhP) = 163 Hz, consistent with
rhodium coupling to phosphorus and is typical of phosphorus trans
to chlorine [21,22]. This indicates the presence of a single isomer
for each generation (complexes 3 and 4). Elemental analyses corre-
lates with solvent inclusion within the dendritic structures.
To gain further insight into the coordination environment of the
Rh(I) atoms in the metallodendrimers, the analogous mononuclear
compound (5) was synthesized [20] from the known compound o-
Ph2PC6H4CH@NPrn [22] and [RhCl(CO)2]2. Spectroscopic data (1H,
13C{1H}, 31P{1H}, IR) for 5 are similar to that observed for the rho-
dium metallodendrimers (3, 4), providing evidence of metal coor-
dination for the respective metallodendrimers, indicative of the
formation of six-membered chelate rings with rhodium on the
periphery of the dendrimers.
The molecular structure of 5was conﬁrmed by X-ray crystallog-
raphy [23]. An ORTEP drawing [24] with the corresponding atom
labelling scheme is shown in Fig. 2 together with selected bond
lengths and angles. The molecular structure shows the rhodium
atom to be in a square-planar geometry surrounded by the imino
nitrogen atom trans to the carbonyl ligand and the chloro ligand
trans to phosphorus. The geometrical parameters around the
rhodium atom are comparable to those found in the analogous
complexes [Rh(PyP)(CO)Cl] (PyP = 1-(2-diphenylphosphino)ethyl-
pyrazole) [25], [Rh(P–N)(CO)Cl] (P–N = diphenylphosphino(phenyl
pyridine-2-yl methylene)amine) [26] and [Rh(P–N*)(CO)Cl] (P–
N* = (2S, 3S)-2-{4-(dimethylamino)benzylideneamino} + -3-meth-
ylpentyl bis(2,6-dimethylphenyl) phosphite) [27]. The formation
of a six-membered chelate ring imposes distortion around the rho-
dium atom. The P–Rh–Cl angle [170.60(11)] is smaller than the ex-
pected value of 180. The atoms Rh, Cl, N, C(23) and O are
essentially coplanar with an average deviation of 0.0218 Å from
the mean plane, while the P atom is 0.39(1) Å away from this
plane.
In conclusion, ﬁrst- and second-generation iminophosphine
rhodium(I) metallodendrimers were synthesized, based on a
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Fig. 1. First- and second-generation iminophosphine dendrimers.
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Fig. 2. Molecular structure of the mononuclear rhodium(I) iminophosphine com-
plex 5 showing ellipsoids at the 50% probability level with hydrogen atoms omitted
for clarity. Selected bond lengths (Å) and angles (): Rh–P 2.188(4), Rh–Cl 2.394(4),
Rh–N 2.118(11), Rh–C(23) 1.806(14), N–C(4) 1.284(16), N–C(3) 1.468(15); P–Rh–Cl
170.60(11), P–Rh–N 86.1(3), P–Rh–C(23) 93.7(4), Cl–Rh–N 90.0(3), Cl–Rh–C(23)
90.6(4), N–Rh–C(23) 177.1(5), C(3)–N–C(4) 116.9(11).
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poly(propyleneimine) dendritic scaffold. We are currently explor-
ing the coordination of other rhodium(I) homogeneous catalysts
to similar dendrimeric scaffolds, and the use of these complexes
in alkene hydroformylation reactions.
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